Aspergillus flavus is predominant among other fungi species responsible for aflatoxin contamination of crops on the field and in storage. A study was conducted to determine the incidence of Aspergillus flavus in maize seeds from various sources. Sixty (60) maize seed samples were collected from farmers and marketers from different storage structures within Tamale metropolis, Savelugu and Tolon districts,northern region of Ghana. Three different fungi species were isolated from the maize samples. These were Aspergillus flavus, Aspergillus niger and Fusarium spp. Total fungi species differed significantly. Tamale metropolis recorded the least occurrence of fungi species. Aspergillus flavus recorded varied occurrences across all three districts with the highest incidence recorded in Savelugu (42%). Aspergillus flavus was found predominant in maize from the markets than maize from the farmers. The incidences of Aspergillus flavus varied with the method of storage. Storage using cocoa sack recorded the highest incidence (69%), with the lowest (13%) in hanging shed. Aspergillus flavus was however found to be associated with maize from all three districts studied. Proper drying and use of proper storage structures are recommended as a way of combating the high incidences of Aspergillus flavus.
INTRODUCTION
Maize (Zea mays) is the most important staple crop in Africa [1] . It accounts for over 50% of the total cereal production in Ghana, and annual yield has been reported to be growing around 1.1% [2] with postharvest losses of between 5 and 70% [3] . In Ghana, maize is grown in almost all parts of the country and is the main source of carbohydrate for both rural and urban families [4] . Maize crop is produced mainly by the peasant farmers under rainfed conditions [5] .
Aspergillus, Penicillium and Fusarium species are the tiny moulds that are mostly found in stored cereal grains and oilseeds. These fungi can cause food spoilage, bio-deterioration and are capable of producing different mycotoxins. Surprisingly, Aspergillus species have been identified to be the most toxin-producing species in various grains, legumes, oilseeds and foods as well as feeds [6, 7, 8] . Among all these fungal species, Aspergillus flavus is the predominant fungus responsible for aflatoxin contamination of crops before storage and in storage [9, 10] . Aflatoxin causes the most concern among all the mycotoxins [11] because of its carcinogenic and immunosuppressing effects in both humans and domestic animals [12] . Improper drying, high relative humidity and temperature, farmers' production practices, early and delayed harvesting and poorly constructed storage structures and storage practices, as well as stress-induced crop growing period, are the factors that expose grains to A. flavus infection [13, 14] .
According to Strosnider et al. [15] and Williams et al. [16] , aflatoxin is one of the most serious food safety related problems of the world, and the common cause of these aflatoxins is incidence of Aspergillus flavus [17] . Aflatoxin consumption leads to a disease called aflatoxicosis which occurs in two forms; acute aflatoxicosis which result in death and chronic aflaxitoxicosis which also results in cancers, immune suppressions and other slow pathological conditions [18] . Many control measures, such as chemical, biological, and physical means, have been employed to reduce or eliminate these aflatoxin-producing fungi in maize, but none have proven economically feasible [19] . The effect of aflatoxin-producing fungi associated with stored maize seed needs to be investigated. The purpose of this study, therefore, was to determine the occurrence of Aspergillus flavus in maize seed from various sources within Tolon, Tamale and Savelugu districts of the Northern Region of Ghana.
MATERIALS AND METHODS

Study Area
The study site consisted of three districts within the Northern Region of Ghana namely Tamale Metropolis, Tolon and Savelugu. The Tamale metropolis is located at latitude 9°25" N and longitude 0°51" West and has an elevation of approximately 173 m (568 feet). Tolon district is located at latitude 9°25" North and longitude 0° 59" West. Savelugu is located at latitude 9° 37" North and longitude 0°50" West. The Districts are characterised by a single rainy season which starts in late April with little rainfall, rising to its peak in July-August and declining sharply and coming to a complete halt in October-November. Daily temperatures vary seasonally. During the rainy season, residents experience high humidity and heavy thunderstorms with slight sunshine, compared to the dry season which is characterised by dry harmattan winds from November to February and high sunshine from March to May. The mean annual rainfall ranges from 950 mm -1200 mm. The main vegetation is grassland, interspersed with guinea savannah woodland, characterised by drought-resistant trees such as acacia (Acacia longifolia), mango (Magnifera indica), baobab (Adansonia digitata), shea (Vitellaria paradoxa), dawadawa (Parkia biglobosa), and neem (Azadirachta indica). Major tree species include the shea, dawadawa, and mango, which are economic trees and form an integral part of the livelihood of the natives.
Maize Sample Collection
Maize seed samples were collected from Tamale, Savelugu, and Tolon Districts. Twenty (20) samples were taken from each District. Ten (10) maize samples were randomly taken from ten different farmers within each District. Samples were collected from three (3) communities in each district. Ten (10) maize samples were taken from four different markets across each of the Districts using random sampling method. Maize samples were collected from farmers and vendors based on the used storage structures and duration in the field. The samples were packed in paper bags and kept under dry conditions in the laboratory to prevent contact with moisture and contaminants.
Isolation and Identification of Fungi
Media preparation
The media was prepared according to the instructions of the manufacturer (Oxoid, UK). Thirty-nine grams (39 g) of Potato Dextrose Agar (PDA) was dissolved in one (1) litre of distilled water in a conical flask. The conical flask was covered with aluminium foil to prevent contamination, condensation and loss of moisture. The mixture was stirred and heated with the magnetic stirrer and the heating mantle respectively to obtain a homogenous mixture. The mixture was autoclaved at 121°C for 15 minutes and allowed to cool afterwards. About 20 ml of the prepared media was poured into each sterilised petri dish in a controlled environment (lamina flow hood) and allowed to solidify. The plates were now ready to be used.
Isolation
Fifteen seeds from each sample were surface sterilised in 3% sodium hypochlorite (NaOCl) solution for one minute to prevent the fungi from being killed while reducing surface contaminants at the same time. The maize seeds were rinsed in three changes of distilled water and left to dry on sterile filter papers. Five seeds were placed on PDA plates, and each replicated three (3) times. The plated maize seeds were incubated at a room temperature of 25°C for five days. After incubation, mixed cultures of various species of fungi were obtained from the plated maize. The mixed cultures were sub-cultured by transferring a loop full from each of the species on to PDA plates. The inoculated plates were incubated at 25°C for five days
Identification of Aspergillus flavus
Aspergillus flavus was identified based on colony characteristics, strain morphology and microscopic features described by Klich [20] .
Determination of Incidence of Aspergillus flavus
The incidences of Aspergillus flavus isolated from maize using Potato Dextrose Agar (PDA) were enumerated according to the method described by Cotty (1994) . Other species of Aspergillus isolated were also identified and their incidences determined. This was done by determining the percentage occurrence from the total counts of each Aspergillus species from each of the three districts.
Statistical Analyses
Data were subjected to Analysis of Variance (ANOVA) using generalised linear model (GLM) in Genstat (9 th Edition), and the means were separated using the least significant difference (LSD) at 5% probability.
RESULTS
Fungal species in Maize Samples from the Three Districts
Three different species of fungi were isolated from all sixty samples collected. (Fig. 1 ).
Fungal species in Samples among Farmers Stored Seeds and Seeds from Markets
Generally, samples from the markets recorded the highest percentage occurrence of fungi as compared to those of the farmers. Among the market samples, A. flavus recorded the highest occurrence (41%) followed by A. niger (28%) and Fusarium spp. (31%). However, among the farmers' samples, Fusarium spp. recorded the highest occurrence (39%) while A. flavus and A. niger recorded 32% and 29%, respectively (Fig.  2) . In general, there was no significant difference (p > 0.05) in the percentage occurrence of the individual fungi for their source.
Percentage Occurrence of Aspergillus flavus in Samples from the Markets and Farmers
Generally, samples from farmers and markets recorded the considerably high occurrence of A.
flavus. However, samples from the market recorded the highest percentage occurrence (62%) while the lowest (38%) was recorded in samples from farmers (Fig. 3) . There was a highly significant difference (p < 0.05) among the farmers and markets concerning the occurrence of A. flavus.
Effect of Storage Method on the Occurrence of A. flavus
Among all the samples collected from the three districts, samples from cocoa sacks recorded the highest percentage occurrence of A. flavus (69%) followed by fertiliser sack (18%) with hanging sheds as the least (13%) (Fig. 4 ). There were significant differences (p < 0.05) in the occurrence of A. flavus among the three methods of storage.
DISCUSSION
Generally, Aspergillus flavus was present in maize from all the three districts (Savelugu, Tamale, and Tolon). This affirms the report by Groopman and Donahue [21] that maize and its products are known to be prone to contamination by fungi that produce secondary metabolites such as aflatoxin. It also agrees with the report by Atehnkeng et al. [22] and Gachara et al. [23] which indicated that Aspergillus flavus is the most predominant member of Aspergillus species in West African and the United States soils.
There were considerably high incidences of Aspergillus flavus in maize from all sources, and this could be mainly attributed to the high and wide range of temperatures in the study areas. This affirms the report by Northolt and van Egmond [24] that Aspergillus strains have been reported to survive in a wide range of temperatures from 19 to 35°C. It also confirms the report of Diener et al. [25] that optimal conditions for fungal development are 36 to 38ºC with high humidity of above 85%.
Generally, high incidences of A. flavus were recorded in maize from the different cocoa sacks, fertiliser sacks, hanging sheds. It is likely that the storage conditions and the storage structures greatly influenced the mycoflora in storage. This could be attributed to the exposure of the maize to unfavourable conditions which favoured the development of the fungi. This agrees with the report by Fandohan et al. [26] that some storage structures do not safeguard maize from moisture pick-up, mould infection as well as protection of the grains against aflatoxin contamination. It also confirms the report by Hell et al. [27] and Udoh et al. [28] who indicated that many farmers nowadays store their grains in sacks, especially polypropylene which is not airtight, with evidence that this method facilitates fungal contamination and aflatoxin development. 
CONCLUSION
Aspergillus flavus was associated with maize seeds collected from farmers and markets within Tamale metropolis, Savelugu and Tolon districts. However, its occurrence varied across the three districts studied. Very high incidence was recorded in maize seeds from Savelugu district whereas very low incidence was as well recorded in Tamale metropolis. Generally, maize collected from the market recorded higher incidences of the fungi than maize collected from farmers. Apart from Aspergillus flavus, A. niger and Fusarium spp. were also isolated from the maize samples. It is possible that all maize seeds which recorded high incidences of Aspergillus flavus were contaminated with high levels of aflatoxins because A. flavus is the major producer of aflatoxins which poses various threats to livelihood. It is therefore prudent to combat this fungus to its minimum.
